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SECTION  I 


INTRODUCTION 


Several  of  the  Air  Force  aircraft;  the  F-15  and  the  Bl-A,  have 
experienced  similar  structural  damage  in  the  internozzle  region  because  of 
severe  aeroacoustic  loads.  It  appears  that  this  phenomenon  is  germane  to 
aircraft  with  closely-spaced  engine  installation  and  is  not  well  documented 
or  understood.  The  Aerodynamic  and  Airframe  Branch  of  the  Air  Force  Wright 
Aeronautical  Laboratories  has  initiated  this  program  under  Work  Unit  2307N603, 
Computational  Aerodynamics  to  examine  the  internozzle  dynamic  pressure 
phenomena. 

The  Structures  and  Dynamics  Division  of  the  Air  Force  Wright  Aeronautical 
Laboratories  measured,  recorded  and  reduced  the  pressure  data  to  describe  the 
dynamic  environment  in  the  internozzle  region.  The  objective  of  this  test  was 
to  conduct  a  dynamic  survey  on  an  4.7%  scale  model  of  the  F-15  aircraft, 

Figure  1,  in  the  NASA  LaRC  16-foot  transonic  wind  tunnel.  In  order  to  explore 
the  dynamics  response  characteristics,  seven  Kulite  pressure  transducers  were 
installed  in  the  internozzle  region  Figure  2.  This  test  consisted  of  varying 
the  Mach  number  from  0.48  to  1.2,  the  nozzle  pressure  ratio  from  1  to  5  and 
anole  of  attack  from  0  to  6  degrees  for  3  wing-tail  configurations.  It  was 
determined  that  the  pressure  data  were  broadband  random,  strongly  stationary, 
and  correlated. 

The  F-15  aircraft,  as  shown  in  Figure  3,  is  a  high  performance  fighter 
aircraft  designed  for  the  air  superiority  mission.  Although  both  subsonic  and 
supersonic  capabilities  were  designed  into  the  aircraft,  most  emphasis  was 
placed  on  performance  between  0.6  and  1.0  Mach  and  5,000  to  30,000  feet 
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Figure  1,  F-.15  Model 


DYNAMIC  PRESSURE  INSTRUMENTATION 


Figure  2.  Pressure  Transducer  Locations 


altitude.  This  includes  the  part  of  the  flight  envelope  where  most  high  load 
factor  maneuvers  are  performed.  These  maneuvers  such  as  wind-up  turns  and 
pullups  are  required  the  aircraft  to  perform  at  high  angles  of  attack,  and 
can  cause  airframe  structural  vibration  from  the  aeroacoustic  phenomenon 
associated  with  separated  flow.  This  report  deals  with  presenting  the 
statistical  characteristics  of  the  data  measured  during  the  wind  tunnel 
testing  conducted  to  determine  the  nature  of  this  phenomenon. 
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SECTION  II 


MEASUREMENT  AND  ANALYSIS 

MODEL  DESCRIPTION.  The  4.7%  scale  model  of  the  F-15  aircraft  was 
tested  with  three  basic  structure  configurations;  baseline,  baseline  with  no 
vertical  tails,  and  baseline  with  canards.  Seven  pressure  transducers  were 
placed  in  the  internozzle  region  to  describe  the  dynamic  environment  during 
the  tunnel  conditions  listed  in  Table  1. 

INSTRUMENTATION.  Seven  pressure  transducers  (Kulite  type  LQ-125-10), 
Figures  4  &  5,  were  installed  by  McDonnell  Douglas  personnel  onto  the  F-15 
nozzles  in  the  locations  shown  in  Figure  2.  An  additional  pressure  transducer 
was  installed  in  a  wall  probe  as  a  tunnel  reference.  NASA  provided  wiring 
between  the  model  in  the  16  foot  transonic  wind  tunnel  and  the  control  room 
patch-board.  The  unique  strain  gage  conditioning  rack  packaged  by  the 
Structural  Vibration  Branch  (containing  8  strain  gage  signal  conditioners)  was 
connected  to  NASA's  patch  board  to  provide  5VDC  excitation  for  each  pressure 
transducer  bridge  and  to  condition  each  output  signal.  Each  pressure 
transducer's  strain  gage  conditioner  was  used  for  bridge  balancing,  voltage 
excitation  adjustment,  and  40dB  amplification  of  the  transducer  output  signal 
before  transmission  to  the  Structural  Vibration  Branch's  Mobile  Data 
Acquisition  Van  (Figure  6)  located  outside  of  the  wind  tunnel  building. 

During  checkout  and  calibration,  pressure  transducer  #8  was  found  to  have  a 
cut  wire,  so  a  dummy  350  Ohm  bridge  was  connected  to  its  strain  gage  signal 
conditioner.  Also,  the  reference  transducer  was  quite  noisy  and  suspected  of 
being  open  circuited. 

The  eight  strain  gage  conditioner  outputs  (6  pressure  transducers  on  the 
nozzle,  1  dummy  and  1  tunnel  reference  pressure  transducer)  were  connected 
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Figure  5.  Intemozzle  Region  of 
The  F-15  Aircraft 
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TABLE  1 


TUNNEL  CONDITIONS 


RUN  POINT  MACH _ EPR 


CONFIGURATION _ REMARKS 
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TAELE  1  (CON'T) 
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TABLE  1  (CON ' T) 
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between  the  strain  gage  conditioning  rack  and  NASA's  patch  panel  by  ten  foot 
long  twisted  shielded  pair  (TSP)  cables.  Pre-existing  NASA  wiring  connected 
the  control  room  patch  to  NASA's  facility  patch  board  located  below  the 
tunnel's  test  section.  Structural  Vibration  personnel  routed  eight  TSP  cables 
with  6  pin  connectors  matching  NASA's  electrical  connector  board  on  one  end 
and  BNC  connectors  on  the  other  end  as  input  to  the  van.  As  shown  in  the 
block  diagram  in  Figure  7,  the  signals  into  the  van  were  routed  through 
automatic  gain  changing  (AGC)  amplifiers  operated  in  a  fixed  mode  of  20dB  gain 
before  input  to  a  Honeywell  96  wideband  tape  recorder  where  each  signal  was 
recorded  at  15  ips  using  frequency  modulation  (FM)  techniques.  The  recorder 
was  modified  so  that  signals  were  routed  through  an  optical  isolator  before 
actual  input  to  the  recorder.  This  allowed  isolation  between  the  ground  of 
the  van  recorder  and  the  wind  tunnel.  Also,  an  additional  amplifier  was 
included  in  the  optical  isolator.  It  was  used  during  calibration  for  adjusting 
voltage  level  into  the  recorder  for  a  given  input  to  the  strain  gage 
conditioner  located  in  the  tunnel's  control  room.  Pressure  data  were  recorded 
on  tape  tracks  1  through  8. 

A  hand  microphone  inside  the  van  was  used  to  record  voice  on  the  tape 
edge  tracks  during  data  recording.  A  pulse  amplitude  modulated  (PAM)  signal 
containing  gain  information  for  each  AGC  amplifier  was  recorded  on  tape  track 
#13.  A  coaxial  cable  was  routed  between  the  van  and  the  tunnel's  control  room 
so  that  a  video  camera  and  recorder  located  in  the  control  room  could  transmit 
a  picture  of  the  tunnel  monitors  and  displays  to  a  video  receiver  located 
inside  of  the  van.  This  video  system  was  set  up  so  that  tunnel  time  code 
could  be  viewed  to  insure  synchronization  of  the  van's  time  code  which  was 
recorded  on  tape  track  #14  of  the  tape  recorder.  Additional  voice 
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communication  between  the  van  and  tunnel  operator  was  provided  by  a  headset  to 
the  tunnel's  intercom  system. 

The  van  contained  monitoring  equipment  for  viewing  pressure  data  as  they 
were  recorded  and  reproduced.  Switches  allowed  for  viewing  any  recorder  input 
or  reproduced  signal  on  either  oscilloscopes,  voltmeters,  or  a  dual  channel 
spectrum  analyzer.  This  allowed  for  a  quick-look  of  the  data  for  ascertaining 
quality. 

CALIBRATION  Each  pressure  channel  was  calibrated  by  inserting  an 
electrical  sine  wave,  with  an  amplitude  equivalent  to  the  pressure 
transducer's  sensitivity,  into  the  strain  gage  amplifier's  input  in  the  tunnel 
control  room.  This  simulated  a  pressure  input  of  1  psi  rms.  In  the  van,  the 
input  to  the  recorder  was  adjusted  for  1  volt  rms  by  adjusting  the  gain  of  the 
applicable  optical  isolator  amplifier.  This  calibration  signal  was  inserted 
separately  for  each  channel  and  a  tape  recording  was  made  of  the  calibration 
signal.  The  sensitivities  used  for  each  pressure  transducer  were  provided  by 
on-site  McDonnell  Douglas  personnel  and  are  tabulated  in  Table  2.  Thus  the 
voltage  recorded  on  tape  was  close  to  1  Vrms  per  1  psi  rms.  In  addition  to 
sine  wave  calibration  signals,  a  random  signal  (DC  to  25KHz)  was  inserted  into 
8  strain  gage  amplifiers  simultaneously  and  recorded  on  tape  to  determine  each 
channel's  frequency  response.  Typical  data  recorded  on  tape  at  15  ips  are 
shown  in  Figure  8.  The  large  amount  of  60  Hertz  was  induced  by  the  noise 
source.  As  the  plots  show,  the  system  has  a  flat  spectrum  over  a  range  of  10 
to  10K  Hertz. 

DATA  ACQUISITION  A  Honeywell  9600  tape  recorder  was  used  to  record  the 
pressure  data.  Data  were  recorded  for  58  test  points  on  tunnel  Run  #54, 
baseline  model  with  canards,  on  7  April  1983.  On  8  April  1983,  data  were 
recorded  for  22  test  points  on  Run  #55,  baseline  no  vertical  tails,  and  on  Run 
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#57,  baseline.  Using  the  tunnel's  intercom  system,  the  NASA  tunnel  operator 
informed  the  van  personnel  when  each  tunnel  test  point  was  stabilized.  A  30 

second  recording  was  made  for  the  test  point. 

DATA  ANALYSIS  Analog  tapes,  recorded  during  the  tunnel  test  in  the 
Mobile  Data  Acquisition  Van  were  analyzed  in  the  Vibration  and  Aeroelastic 
Facility,  located  at  Wright-Patterson  Air  Force  Base,  Ohio.  Figure  9  shows 
the  block  diagram  of  the  analysis  system.  Using  the  results  of  a  quick-look 
digital  rms  program,  applying  the  proper  amplifier  gain  factors  and  matching 
transducer  sensitivity  for  each  data  sample,  an  rms  time  history  curve  in 
engineering  units  of  psi  is  produced.  The  rms  time  history  indicated  whether 
these  data  were  reasonable  and  stationary.  The  digitized  parameters  used  in 
the  analysis  of  the  Power  Spectral  Density,  and  RMS  time  histories  of  the 
pressure  data  are  contained  in  Table  3  and  Figure  10  respectively. 
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TABLE  2 


PRESSURE  TRANSDUCER  SENSITIVITIES 


FIBG  No. 
1 
2 

3 

4 

5 

6 

7 

8 


SN 

4360-1-15 

5288-4-9 

4360-1-16 

4360-1-18 

4360-1-26 

4360-1-14 

004-5-13 

4360-1-30 


McAir  No. 
1 

Reference 

2 

3 

4 
6 

5 
7 


Vexcit  =  5VDC 
Sensitivity  (MV/PSI) 
2.038403 
1.876988 
2.212809 
2.104024 
2.254806 
2.061306 
1.930021 
2.157885  * 


*8  In  FIBG  no.  8,  a  substituted  dummy  gage  was  used. 

TABLE  3 

DIGITIZING  PARAMETERS 


Cutoff  Frequency 
Data  Sample  Length 
Delta  Frequency 
Number  of  Transform 
Transform  Size 


5000Hz 

3.2767  Seconds 
4.8828Hz 
16 

4096 
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Figure  8.  Frequency  Response  of  the  Measurement  System 
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SECTION  III 


DATA  PRESENTATION 


The  pressure  data  selected  for  presentation  in  this  report  are  shown  in 
Figures  13  to  240  and  were  obtained  during  the  conditions  contained  in  Tables 
4  to  6. 

TIME  HISTORY  PLOTS 

Individual  RMS  time  history  plots  were  produced  for  each  record.  A 

typical  RMS  time  history  plot  of  one  record  is  included  in  Figure  10.  All  RMS 

time  histories  were  flat  for  each  stable  condition. 

PROBABILITY  DENSITY  FUNCTION 

Figure  11  is  a  plot  of  the  Probability  Density  Function  (PDF)  of  a  0.5 

VRMS  random  signal.  Figure  12  is  a  plot  of  the  PDF  of  1.0  VRMS  200Hz  sine 

wave.  A  comparison  was  made  of  these  figures  using  the  same  software,  with 
the  PDF's  presented  in  Figure  13  to  30  of  the  actual  pressure  data.  During 
0.9  Mach,  EPR  of  1.0  for  the  baseline  configuration  (Run  57),  a  PDF  plot  was 
made  of  the  relatively  flat  spectrum  contained  in  Figures  13  through  24.  Also 
presented  are  plots  of  PDFs  of  the  actual  data  recorded  during  1.2  Mach,  EPR 
of  1.0  for  the  configuration  (Run  54)  showing  a  broad  peek  in  the  spectrum 
from  approximately  125  to  200Hz,  are  included  in  Figures  25  through  30.  The 
plot  of  the  PDF,  assuming  the  data  are  stationary  is  given  by: 

p(F/  o)  =  (l//2iT)e“^  (p/o)2  (1) 
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TABLE  4 


F-15  BASELINE  WITH  CANARDS 
RUN  54 


TUNNEL 

CONDITIONS 

TRANSDUCERS  -  KULITES  RMS  (PSI) 

Mach  # 

EPR 

<K 

K1 

K3 

K4 

K5 

K6 

K7 

1.20 

2.0 

0 

.058 

.101 

.232 

.148 

.073 

.172 

3.5 

.056 

.102 

.218 

.140 

.074 

.153 

5.0 

.049 

.096 

.200 

.130 

.066 

.140 

1.0 

.041 

.061 

.080 

.120 

.064 

.140 

0.90 

1.0 

0 

.068 

.144 

.184 

.161 

.170* 

.163 

3 

.083 

.172 

.188 

.166 

.160 

.173 

6 

.091 

.187 

.200 

.170 

.174 

.176 

3.5 

0 

.069 

.164 

.189 

.145 

.149 

.154 

3 

.080 

.198 

.204 

.150 

.100 

.162 

6 

.081 

.213 

.220 

.153 

.083 

.162 

5.0 

0 

.067 

.152 

.179 

.141 

.098 

.150 

3 

.075 

.168 

.185 

.145 

.097 

.159 

6 

.078 

.176 

.192 

.143 

.084 

.159 

2.0 

0 

.069 

.170 

.193 

.149 

.104 

.155 

3.5 

.071 

.169 

.188 

.144 

.098 

.154 

5.0 

.068 

.151 

.177 

.141 

.096 

.150 

0.90 

1.0 

0 

.069 

.142 

.182 

.159 

.108* 

.160 
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TABLE  5 


F-15  BASELINE 
RUN  57 


TRANSDUCERS  -  KULITES  RMS  PSI 


Mach  # 

EPR 

a 

K1 

K3 

K4 

K5 

K6 

K7 

0.90 

3.5 

0 

.202 

.273 

.242 

.144 

.187 

.185 

5.0 

.180 

.257 

.231 

.139 

.179 

.181 

1.0 

.205 

.272 

.255 

.165 

.209 

.195 

0.88 

1.0 

.181 

.254 

.251 

.188 

1.93 

.186 

3.5 

.163 

.258 

.236 

.169 

.174 

.180 

5.0 

.154 

.245 

.223 

.162 

.168 

.179 

0.80 

3.5 

.094 

.193 

.224 

.156 

.134 

.166 

5.0 

.089 

.178 

.213 

.151 

.134 

.162 

1.0 

.100 

.175 

.218 

.174 

.143 

.170 

0.60 

1.0 

.061 

.091 

.172 

.126 

.083 

.124 

0.60 

3.5 

.060 

.109 

.173 

.119 

.090 

.123 

5.0 

.050 

.105 

.171 

.116 

.091 

.121 

TABLE  6 
F-15  BASELINE 
NO  VERTICAL  TAILS 
RUN  55 

TUNNEL  CONDITION _ TRANSDUCERS  -  KULITES  -  RMS  (PSI) 


MACH 

EPR 

a 

K1 

K3 

K4 

K5 

K6 

K7 

.90 

3.5 

0 

.107 

.202 

.220 

.156 

.158 

.158 

5.0 

.093 

.187 

.219 

.148 

.155 

.158 

1.0 

.110 

1.85 

.226 

.169 

.158 

.170 
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Where  a  is  the  standard  deviation  or  RMS  magnitude  of  the  variable  (f)  and 

**  * 

-00  <f<+oo  '•  The  normal  probability  distribution  has  been  found  to  describe 
suitably  the  statistical  distribution  of  the  instantaneous  magnitude  of  the 
pressure  data.  The  Statistical  Properties  of  the  PDF  in  Fig.  13-30  are 
contained  in  Table  7. 

AUTOCORRELATION  FUNCTION 

The  PDF  plot  is  a  sensitive  indicator  of  the  presence  of  random 
components,  but  it  Is  a  relatively  Insensitive  indicator  of  sinusoidal 
components;  therefore,  the  authors  are  also  including  the  Auto  Correlation 
Function  of  the  same  data  to  determine  if  a  sinusoidal  component  is  buried  in 
these  data.  The  baseline  data  (Run  57)  are  shown  in  Figures  31  through  42  and 
the  baseline  data  with  Canards  (Run  54)  are  shown  in  Figures  43  through  48. 

The  Auto  Correlation  Function  Rx  (  t,T)  associated  with  a  single  analytic 
record  X  (t)  of  fixed  finite  length  T  will  be  defined  by: 


R*  <*-T> 


T-t 


(2) 


( t-"r)  o  ^  x ( t )  x(t  +  t  )  dt  o£t£T 


l  +  j  T  x(t)  x(t  +  t)dt  If  x«  T 

oj 

for  fixed  t  ,  as  T  approaches  infinity,  the  Autocorrelation  Function,  Rx  (t) 
is  defined  by: 


11  m  (1/T) 

T-*a 


OJ 


x(t) 


x  (t  +  T)dt 


(3) 
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Figure  13.  Probability  Density  Fbnction- 
Base  Line  Kulite  1  MACH  0.6  EPR  3.5 


26 


PERCENT  tfCaiM) 


1UBN3]  iiniEIJBBBd 


F-15  BR3ELIHE  KULITE  3  M  D.6  EFfl  3.5 


1  3EGHR  =  .  LSSBO 

j  HEHn  -  ,3D7u-2  I 

!  3£0i  »PL£S 

S# !  : 

wrf  i 


Figure  14.  Probability  Density  Function- 
Baseline  Kulite  3  MACH  0.6  EPR  3.5 
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Figure  16.  Probability  Density  Function- 
Baseline  Kulite  5  MACH  0.6  EPR  3.5 
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Figure  17.  Probability  Density  Function 
-Baseline  Kuiite  6  MACH  0.6  EPR  3.5 
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Figure  19.  Probability  Density  Function 
-Baseline  Kulite  1  MACH  0.9  EPR  1.0 
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Figure  20.  Probability  Density  Function 
-Baseline  Kulite  3  MACH  0.9  EPR  1.0 
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Figure  21.  Probability  Density  Function 
-Baseline  Kulite  4  MACH  0.9  EPR  1.0 
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Figure  23.  Probability  Density  Function 
-Baseline  Kulite  6  MACH  0.9  EPR  1.0 
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Figure  24.  Probability  Density  Function 
-Baseline  Kulite  7  MACH  0.9  EPR.  1.0 
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Kulite  1  MACH  1.2  EPR  2.0 
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Figure  26.  Probability  Density  Function- 
with  Canards  Kulite  3  MACH  1.2  EPR  2.0 
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Figure  27.  PDF-with  Canards  Kulite  1  MACH  0.9  EPR  1.0 


40 


PERCENT  (flCCUM) 


PHOBFlBIi.irr  DENSITY 


Figure  28.  Probability  Density  Function- 
With  Canards  Kulite  5  MACH  1.2  EPR  2.0 
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Figure  30  Probability  Density  Function- 
with  Canards  Kulite  7  MACH  1.2  EPR  2.0 
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Figure  31.  Auto  Correlation  Function- 
Baseline  Kulite  1  MACH  0.6  EPR  3.5 
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Figure  32.  Auto  Correlation  Function- 
Baseline  Kulite  3  MACH  0.6  EPR  3.5 
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Figure  33 .  Auto  Correlation  Function-Baseline 
Kulite  4  MACH  0.6  EPR  3.5 
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Figure  34.  Auto  Correlation  Function-Baseline 
Kulite  5  MACH  0.6  EPR  3.5 
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Figure  35.  Auto  Correlation  Function-Baseline 
Kulite  6  MACH  0.6  EPR  3.5 
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Figure  36.  Auto  Correlation  Function-Baseline 
Kulite  7  MACH  0.6  EPR  3.5 
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Figure  37.  Auto  Correlation  Function-Baseline 
Kulite  1  MACH  0.9  EPR  1.0 
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Figure  38.  Auto  Correlation  Function-Baseline 
Kulite  3  MACH  0.9  EPR  1.0 
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Figure  39.  Auto  Correlation  Function-Baseline 
Kulite  4  MACH  0.9  EPR  1.0 
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Figure  41.  Auto  Correlation  Function-Baseline 
Kulite  6  MACH  0.9  EPR  1.0 
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Figure  42 .  Auto  Correlation  Function-Baseline 
Kulite  7  MACH  0.9  EPR  1.0 
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.'Figure  43.  Auto  Correlation  Function- 
with  Canards  Kulite  1  MACH  1.2  EPR  2.0 
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Figure  44.  Auto  Correlation  Function-with 
Canards  Kulite  3  MACH  1.2  EPR  2.0 
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Figure  45  Auto  Correlation  Function-with 
Canards  Kulite  4  MACH  1.2  EPR  2.0 
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Figure  46.  Auto  Correlation  Function-with 
Canards  Kulite  5  MACH  1.2  EPR  2.0 

60 


CO  to 


Figure  47.  Auto  Correlation  Function-with 
Canards  Kulite  6  MACH  1.20  EPR  2.0 

61 


r 


Ji'..'.  x  r 

Figure  48.  Auto  Correlation  Function-with 
Canards  Kulite  7  MACH  1.2  EPR  2.0 
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ROOT  MEAN  SQUARE  (RMS)  VALUES 


The  RMS  data  in  RMS  PSI  along  with  the  corresponding  tunnel  conditions 
are  shown  in  Tables  4,  5  and  6;  for  all  the  pressure  data  presented  in  this 

report. 

POWER  SPECTRAL  DENSITY  FUNCTION  (PSD) 

The  frequency  content  of  the  tabulated  RMS  values  are  presented  as  Power 

Spectral  Density  plots,  in  Figure  49  to  240  over  the  frequency  range  of  0.0  to 
5KHz.  The  PSD  is  compiled  using  standard  Fast  Fourier  Transform  (FFT) 
techniques.  These  figures  are  included  to  allow  for  a  more  detailed  look  at 
the  frequency  content  of  the  selected  pressure  data.  The  PSD  Function  was 
selected  for  two  reasons;  (1)  the  data  were  predominately  broadband  random  in 
nature,  and  (2)  the  data  in  the  PSD  log/log  format  are  easier  to  compare  with 
existing  dynamic  specifications. 
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SECTION  IV 

DISCUSSION  OF  RESULTS 

GENERAL 

The  results  of  this  study  consist  of  discussion  of  the  figures  and  tables 
contained  in  Section  II  of  this  report.  Compared  with  the  statistical 
properties  of  the  random  signal  and  the  sinewave;  the  use  of  the  time  history, 
PDF,  skewness,  kurtosis,  RMS,  Auto  Correlation  and  PSD  values  showed  that  the 
measured  data  were  broadband  random,  strongly  stationary  and  correlated  with 
the  tunnel  conditions.  As  a  result  of  these  analysis,  the  data  measured  from 
pressure  transducer  number  six  appears  to  be  questionable. 

TIME  HISTORY  PLOTS 

The  individual  RMS  time  history  plots  produced  for  each  record  were 
relatively  flat  over  the  portion  of  the  length  of  the  record  selected  for 
digitizing.  As  a  result  of  this,  standard  analysis  techniques  for  stationary 
data  were  used  i.e.,  PDF,  PSD  and  Auto  Correlation.  Figure  10  shows  a  typical 
RMS  time  history  record  for  the  Kulite  pressure  transducers  5,  6  and  7  for  Run 

57/Point  2. 

PROBABILITY  DENSITY  FUNCTION 

Knowledge  of  the  relative  levels  of  sinusoidal  and  random  components  of 
the  tunnel -pressure  environment  is  necessary  to  determine  what  statistical 
techniques  are  to  be  used  in  further  analysis  of  these  data  as  well  as  the 
development  of  appropriate  vibration  testing  criteria.  Figures  17  through  30 
show  the  PDF  plots  for  three  records.  These  plots  were  compared  with  Figures 
15  and  16,  the  PDF  plot  of  white  noise  and  sinewave  respectively  and  it  was 
determined  that  the  data  were  predominately  random  in  nature.  Additional 
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statistical  information  was  obtained  by  the  calculation  of  the  skewness  and 
kurtosis  of  the  PDF,  Table  7.  The  skewness  and  kurtosis  values  compared  to 
the  measured  data  further  substantiate  the  randomness  of  these  data.  A  more 
detailed  description  of  the  skewness,  the  third  moment  and  the  kurtosis,  the 
fourth  moment  is  contained  in  Reference  1. 

AUTOCORRELATION  FUNCTION 

To  further  determine  the  randomness  of  these  data,  a  plot  of  the 
autocorrelation  function  of  the  selected  data  was  obtained  in  Figures  31 
through  48.  With  a  few  exceptions  from  transducer  five,  the  autocorrelation 
function  showed  a  random  response,  that  is,  its  rapid  decline  to  0.0  value. 
Transducer  number  five  in  Figures  34,  40  and  46  showed  a  DC  component  and  did 
not  reach  0.0.  The  pressure  data  measured  from  transducer  number  five  are 
random  in  nature. 

ROOT  MEAN  SQUARE  (RMS)  VALUES 

The  RMS  pressure  data  contained  in  Tables  4,  5  and  6  are  correlated  with 
the  tunnel  condition  measured  for  each  configuration.  The  values  for  identical 
tunnel  conditions  in  Table  4  distinguished  by  the  asterisk  were  not  repeatable 
for  Kulite  6.  This  observation  gives  rise  to  the  questionableness  of  this 
transducer.  The  highest  RMS  values.  Table  5,  were  obtained  during  Mach  0.90, 
EPR  1.0  arid  =  0  tunnel  conditions.  Overall  the  baseline  data  are  higher  than 
either  Baseline  with  Canards  or  Baseline  without  the  vertical  tails. 
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SECTION  V 


CONCLUSIONS 

1.  The  authors  conclude  that  the  pressure  data  presented  in  this  report  are 
representative  of  the  pressure  environment  on  the  4.7%  model  in  the  F-15 
internozzle  region. 

2.  The  dynamic  pressure  statistically  is  strongly  stationary  and  broadband 
random. 

3.  The  highest  root-mean-square  pressure  data  values  were  obtained  during 
MACH  0.90,  EPR  1.0  and  Angle  of  Attack  0.0  condition. 
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SECTION  VI 


RECOMMENDATIONS 

1.  A  pressure  survey  using  a  larger  model  of  the  F-15  (15%  or  more)  should  be 
conducted  to  support  a  sufficient  number  of  transducers  (  a  minimum  of  22)  to 
radially  and  transversely  measure  the  flow  characteristics  of  the 
closely-spaced  engine  installation. 

2.  These  pressure  data  should  be  compared  with  similar  internozzle  dynamic 
pressure  data  acquired  from  the  B1  aircraft,  AFWAL  TM-83-212-FIBG. 
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Figure  49.  Power  Spectral  Density  Function-with  Canards  Kulite  1 
MACH  1.20  EPR  2.0 
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Figure  50.  Power  Spectral  Density  Function-with  Canards  Kulitef 
MACH  1.20  EPR  2.0  68 
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Figure  51.  Power  Spectral  Density  Function-with  Canards  Kulite  4 
MACH  1.2  EPR  2.0 
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Figure  52.  Power  Spectral  Density  Function-with  Canards 
Kulite  4  MACH  1.2  EPR  2.0 
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Figure  55.  Power  Spectral  Density  Function-with  Canards  Kulite  1 
MACH  1.2  EPR  3.5 
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Figure  56.  Power  Spectral  Denis ty  Function-with  Canards 
Kulite  3  MACH  1.2  EPR  3.5 
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Figure  57.  Power  Spectral  Density  Function-with  Canards  Kulite  4 
MACH  1.2  EPR  3.5 
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Figure  58.  Power  Spectral  Density  Function-with  Canards 
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Figure  63.  Power  Spectral  Density  Function-with  Canards  Kulite  4 
MACH  1.2  EPR  5.0 
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Figure  64.  Power  Spectral  Density  Function-with  Canards 
Kulite  5  MACH  1.2  EPR  5.0 
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Figure  £7,  Power  Spectral  Density  Function-with  Canards  Kulite 


MACH  L,2  EPR  1.0 
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Figure  6§ .  Power  Spectpal  Density  Function-with  Canards 
Kulite  3  MACH  1.2  EPR  1.0 
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Figure  69 .  Power  S 
MACH  1.2  EPR  1.0 


Spectral  Density  Function-with  Canaros  Kulite  4 
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Figure  70,  Power  Spectral  Density  Function  with  Canards 
Kulite  4  MACH  1.2  EPR  1.0 
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Figure  71.  Power  Spectral  Density  Function-with  Canards  Kulite  6 
MACH  1.2  EPR  1.0 
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Figure  72.  Power  Spectral  Density  Function-with  Canards  KuliteL 


MACH  1.2  EPR  1.0 
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Figure  73.  Power  Spectral  Density  Function-with  Canards  Kulite  1 
MACH  0t9  EPR  1.0 


F-15  INTERNOZZLE  HODeL  TEST  LANGLEY  1 $T 


FREQUENCY  -  HZ  *10  ' 

Figure  74.  Power  Spectral  Density  Function-with  Canards 
Kulite  3  MACH  0.9  EPR  1.0 
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Figure  77.  Power  Spectral  Density  Function-with  Canards  Kulite  6 
MACH  0.9  EPR  1.0 
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Figure  78.  Power  Spectral  Density  Function-with  Canards 
Kulite  7  MACH  0.9  EPR  1.0  82 
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figure  81.  Power  Spectral  Density  Function-with  Canards  Kulite  4 
MACH  0.9  EPR  1.0 

.  F-15  INTERNGZZLE  MODEL  TEST  LANGLEY  1 CT 

POINT  8  RUM  54  MACH  0.90 


D-D  50  100  150  200  250  300  350  400  450 


FREQUENCY  -  HZ  *10 

Figure  82.  Power  Spectral  Density  Function-with  Canards 
Kulite  5  MACH  0.9  EPR  1.0 


DELTA  F  -  4.8E 


(PSI  SO/HZ) 


F-1 5  INTEKNOZZLE  MODEL  TEST  LANGLEY  1 6T 
POINT  8  RUN  5 A  MACH  0.90 


PRS  K6 


(PSI  SQ/HZ) 


F-15  INTERNOZZLE  MODEL  i EST  LANGLEY  16T 
POINT  9  RUN  54  MACH  0.90 


100 


FREQUENCY  -  HZ  *10 


RMS  «; 0.091 
16  TRANSFORMS 


-*00  400  450  5< 


Out -A  F  =  4.883 


Figure  85.  Power  Spectral  Density  Function-with  Canards 
Kulite  1  MACH  0.9  EPR  1.0 
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figure  86.  Power  Spectral  Density  Functuion-with 
Canards  Kulite  3  MACH  0.9  - -EPR  1.0 
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figure  89.  Power  Spectral  Density  Function-with  Canards  Kulite  6 
MACH  0.9  EPR  1.0 
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Figure  90.  Power  Spectral  Density  Function-with  Canards 
Kulite  7  MACH  0.9  EPR  1.0 
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figure  91.  Power  Spectral  Density  Function-with  Canards  Kulite  1 
MACH  0.9  EPR  3.5 
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Figure  92,  Power  Spectral  Density  lUnction-with  Canards  delta  f  -  a-b 
Kulite  3  MACH  0.9  EPR  3.5 
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Figure  93*  Power  Spectral  Density  Function-with  Canards  Kulite  4 
MACH  0.9  EPR  3.5 
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figure  94 .  Power  Spectral  Density  Function-with  Canards  Kulite ' 5 
MACH  0.9  EPR  3.5 
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Figure  95.  Power  Spectral  Density  Function-with  Canards  Kulite  6 
MACH  0.9  EPR  3.5 
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Figure  97.  Power  Spectral  Density  Function-with  Canards  Kulite  1 
MACH  0.9  EPR  3.5 
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Figure  98.  Power  Spectral  Density  Function-With  Canards 
Kulite  3  MACH  0.9  EPR  3.5 
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Elgure  99.  Power  Spectral  Density  Function-with  Canards  Kulite  5 
MACH  0.9  EPR  3.5 
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figure  100.  Power  Spectral  Density  Function-with  Canards 
Kulite  5  MACH  0.9  EPR  3.5 
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Figure  101.  Power  Spectral  Density  Function-with  Canards  Kulite  6 
MACH  0.9  EPR  3.5 
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Figure  102.  Power  Spectral  Density  Fucntion-with  Canards 
Kulite  7  MACH  O.Q  KPR  3 .  ^ 
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Figure  103.  Power  Spectral  Density  Function-with  Canards  Kulite  1 
MACH  0.9  EPR  3.5 
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Figure  104 .  Power  Spectral  Density  Function-with  Canards 
Kulite  3  MACH  0.9  EPR  3.5 
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Figure  105.  Power  Spectral  Density  Function-with  Canards  Kulite  4 
MACH  0.9  £±>K  3.5 
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Figure  106.  Power  Spectral  Density  Function-with  Canards 
Kulite  5  MACH  0.9  EPR  3.5 
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Figure  109.  Power  Spectral  Density  Function-with  Canards  Kulite  1 
MACH  0.9  EPR  5.0 
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Figure  110,  Power  Spectral  Density  Function-with  Canard§ELTA  f  *  A-Be^ 

Kulite  3  MACH  0.9  EPR  5.0 
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Figure  113.  PSDF-with  Canards  Kulite  6  MACH  0.9  EPR  5.0 
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Figure  114.  PSDF-vzith  Canards  Kulite  6  MACH  0.9  EPR  5.0 
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Figure  117.  PSDF-with  Canards  Kulite  4  MACH  0.9  EPR  5.0 
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Figure  118.  PSDF-with  Canards  Kulite  5  MACH  0.9  EPR  5.0 
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Figure  119.  PSDF-with  Canards  Kulite  7  MACH  0.9  EPR  5.0 
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Figure  120.  PSDF-with  Canards  Kulite  7  MACH  0.9  EPR  5.0 
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Figure  121.  PSDF-with  Canards  Kulite  1  MACH  0.9  EPR  5.0 
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Figure  122.  PSDF-with  Canards  Kulite  3  MACH  0.9  EPR  5.0 
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Figure  125.  PSDF-with  Canards  Kulite  6  MACH  0.9  EPR  5.0 
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Figure  126.  PSDF-with  Canards  Kulite  7  MACH  0.9  EPR  5.0 
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Figure  127.  PSDF-with  Canards  Kulite  1  MACH  0.9  EPR  2.0 
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Figure  128.  PSDF-with  Canards  Kulite  3  MACH  0.9  EPR  2.0 
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Figure  129.  PSDF-with  Canards  Kulite  4  MACH  0,9  EPR  2.0 
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Figure  130.  PSDF-with  Canards  Kulite  5  MACH  0.9  EPR  2.0 
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Figure  131. 


PSDF-with  Canards  Kulite  6  MACH  0.9  EPR  2.0 
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Figure  132.  PSDF-with  Canards  Kulite 


MACH 


F-15  INTERNOZZLE  MODEL  TES*  LANGLEY  1ST 
POINT  18  RUN  84  MACH  0-90 


PP3  K1 


RMS  =0-072 
J6  TRANSFORMS 


figure  133.  PSDF-with  Canards  Kulite  1  MACH  0.9  EPR  2.0 


F-15  I NTERNGZZLE  MODEL  TEST  LANGLEY  1 6T 
POINT  18  RUN  54  MACH  0-90 


RMS  «:  0-170 
1$  TRANSFORMS 


110 


PSD  PSi  SQ/HZ 


F-15  I NTERNOZZL E  MODEL  TEST  LANGLEY  1 6T 
POINT  16  RUN  54  MACH  0-90 


r  m 


mu 


150  200 


FREQUENCY  -  HZ 


DELTA  F  -  4-883 


Figure  137.  PSDF-with  Canards  Kulite  4  MACH  0.9  EPR  3.5 
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Figure  138.  PSDF-with  Canards  Kulite  5  MACH  0.9  EPR  3.5 
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Figure  139.  PSDF-with  Canards  Kulite  1,  MACH  0.9  EPR  5.0 
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figure  140,  PSDF-with  Canards  Kulite  3  MACH  0,9  EPR  5.0 
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Figure  141.  PSDF-with  Canards  Kulite  4  MACH  0.9  EPR  5.0 


Figure  142.  PSDF-with  Canards  Kulite  5  MACH  0.9  EPR  5.0 
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Figure  143,  PSDF-with  Canards  Kulite  6  MACH  0.9  EPR  5.0 
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Figure  144.  PSDF-with  Canards  Kulite  7  MACH  0.9  EPR  5.0 
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figure  151.  PSDF-No  Vertical  Tails  Kulite  1  MACH  0.9  EPR  3.5 


-15  INTERNOZZLE  MODEL  TEST  LANGLEY  !  f?T 
J0I  NT  6  RUN  55  MACH  0.90 


.  PSDF-No  Vertical  Tails  Kulite  3  MACH  0.9  EPR  3.5 


Figure  152 


r-1 5  INTERNOZZLE  MODEL  TEST  LANGLEY  IS 
POINT  6  RUN  55  MACH  0-90 


%Mti 

'if  if  i  n 


iitopto  \vvr  'r 


RMS  «; 0-221 
16  TRANSFORMS 


0  50 


FREQUENCY  -  HZ 


DELTA  F  *  4.883 


Figure  153.  PSDF-No  Vertical  Tails  Kulite  4  naCn  u.y  3.5 
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figure  154.  PSDF-No  Vertical  Tails  Kulite  5  MACH  0.9  EPR  3.5 
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Figure  155. 


PSDF-No  Vertical  Tails  Kulite  6  MACH  0.9  EPR  3.5 
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Figure  156.  PSDF-No  Vertical  Tails  Kulite  7  MACH  0.9 
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Figure  157.  PSDF-  No  Vertical  Tails  Kulite  1  MACH  0.9  EPR  5.0 
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Picture  158.  PSDF-No  Vertical  Tails  Kulite  3  MACH  0.9  EPR  5.0 
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Figure  159.  PSDF-No  Vertical  Tails  Kulite  4  MACH  0.9  EPR  5.0 
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Figure  160 .  PSDF-No 


Vertical  Tails  Kulite  5  MACH  0.9  EPR  5.0 
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Figure  161.  PSDF-No  Vertical  Tails  Kulite  6  MACH  0.9  EPR  5.0 
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Figure  162.  PSDF-No  Vertical  Tails  Kulite  7  MACH  0.9  EPR  5.0 
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Figure  163.  PSDF-No  Vertical  Tails  Kulite  1  MAO  0.9  EPR  1.0 
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Figure  164.  PSDF-No  Vertical  Tails  Kulite  3  MACH  0.9  EPR  1.0 
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Figure  165.  PSDF-No  Vertical  Tails  Kulite  4  mACn  0.5  EPR  1.0 
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Figure  166.  PSDF-No  Vertical  T^s  Kulite  5  MACH  0.9  EPR  1.0 
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figure  175.  PSDF-Baseline  Kulite  1  MACH  0.9  EPR  5.0 
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Figure  179.  PSDF-Baseline  Kulite  6  MACH  0.9  EPR  5.0 
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Figure  180.  PSDF-Baseline  Kulite  7  MACH  0.9  EPR  5.0 
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Figure  181.  PSDF-Baseline  Kulite  1  MACH  0.9  EPR  1.0 
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Figure  182.  PSDF-Baseline  Kulite  3  MACH  0.9  EPR  1*0 
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ire  183.  PSDF-Baseline  Kulite  4  MACH  0.9  EPR  1.0 
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figure  184.  PSDF-Baseline  Kulite  5  MACH  0.9  EPR  1.0 
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Figure  185.  PSDF-Base  1  i: 
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Eigure  187.  PSDF-Baseline  Kulite  1  MACH  0.88  EPR  1.0 
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Figure  189.  PSDF-Baseline  Kulite  4  MACH  0.88  EPR  1.0 
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Figure  190.  PSDF-Baseline  Kulite  5  MACH  0.88  EPR  1.0 
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Figure  191.  PSDF-Baseline  Kulite  6  MACH  0.88  EPR  1.0 
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Figure  196.  PSDF-Baseline  Kulite  5  MACH  0.88  EPR  3.5 
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Figure  197.  PSDF-Baseline  Kulite  6  MACH  0.88  EPR  3.5  aO.C 
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Figure  198.  PSDF-Baseline  Kulite  7  MACH  0.88  EPR  3.5  a  0.0 
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Figure  199.  PSDF-Baseline  Kulite  1  MACH  0.88  EPR  5.0  a  0.0 
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Fioure  206.  PSDF-Baseline  K\j 
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Figure  209.  PSDF-Baseline  Kulite  6  MACH  0.80  EPR  3.5  a  0.0 
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Figure  210.  PSDF-Baseline  Kulite  7  MACH  0.80  EPR  3.5  a  0.0 
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Figure  211.  PSDF-Baseline  Kulite  1  MACH  0.80  EPR  5.0  a  0.0 


F-15  INTERNOZZLE  MODEL  TEST  LANGLEY  1 6T 
POINT  15  RUN  5 7  MACH  0.80 


RMS  0.178 
16  TRANSFORMS 


^0  TOO  150  200  250  300  350  400  450 

FREQUENCY  -  HZ  *10  1 

DELTA  F  -  4.9 

Figure  212.  PSDF-Baseline  Kulite  3  MACH  0.80  EPR  5.0  a  0.0 
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Figure  213.  PSDF-Baseline  Kulite  4  MACH  0.80  EPR  5.0  a  0.0 
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Eigure  214. 
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Figure  215.  PSDF-Baseline  Kulite  6  MACH  0.80  EPR  5.0  a 0.0 
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figure  216.  PSDF-Baseline  Kulite  7  MACH  0.80  EPR  5.0  a 0.0 
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Figure  217.  PSDF-Baseline  Kulite  1  MACH  0.80  EPR  1.0  a  0.0 
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Figure  218.  PSDF-Base line  Kulite  3  MACH  0.80  EPR  1.0  a  0.0 
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Figure  219.  PSDF-Baseline  Kulite  4  MACH  0.80  EPR  1.0  a  0.0 
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Figure  221.  PSDF-Baseline  Kulite  6  MACH  0.80  EPR  1.0  a  °*° 
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Eigure  222.  PSDF-Baseline 
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Figure  225.  PSDF-BAseline  Kulite  4  MACH  0.60  EPR  1.0  a  0-0 
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Figure  226.  PSDF-Baseline  Kulite  5  MACH  0.60  EPR  1.0  a 
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figure  227.  PSDF-Baseline  Kulite  6  MACH  0.60  EPR  1.0  a  0.0 
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Figure  229.  PSDF-BAseline  Kulite  1  MACH  0.6  EPR  3.5  a  0.0 
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Eiaure  230.  PSDF-Baseline  Kulite  3  MACH  0.6  EPR  3.5  a  0.0 
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figure  231.  PSDF-Baseline  Kulite  4  MACH  0.6  EPR  3.5  a  0.0 
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Figure  232.  PSDF' 
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Figure  233.  PSDF-Baseline  Kulite  6  MACH  0.6  EPR  3.5  a  0.0 
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Figure  234.  PSDF-Baseline  Kulite  7  MACH  0.6  EPR  3.5  a 
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Figure  239,  PSDF-Baseline  Kulite  6  MACH  0.6  EPR  5.0  a  0.0 
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Figure  240.  PSDF-Baseline  Kulite  7  MACH  0.6  EPR  5.0  a  °*° 
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